1/1 


n 


D-A128  217 


UNCLASSIFIED 


PRODUCTION  OF  HOT-WIRESIU)  DAVID  U  TAVLOR  NAVAL  SHIP 
RESEARCH  AND  DEVELOPMENT  CENTER  BETHESDA  MD  SHIP 
PERFORMANCE  DEPT  S  C  DICKINSON  APR  82 
DTNSRDC/SPD-1079-01  F/G  S/2  NL 


N 


ICROCOPY  RESOLUTION  TEST  CHART 

NATIONAL  BUREAU  OF  STANDARDS-I963-A 


PRODUCTION  OF  HOT-WIRES  SPD-1079-' 


DAVID  W.  TAYLOR  NAVAL  SHIP 
RESEARCH  AND  DEVELOPMENT  CENTER 

Bethasda,  Maryland  20084 


PRODUCTION  OF  HOT-WIRES 


STUART  C.  DICKINSON 


approved  for  public  release*,  distribution  unlimited 


ship  performance  department 


r  ■  -CT  Em 

'  •  i  / 1983  , 


May  1983 


SPD-107  9-01 


iNSBDC  5602  30  .260) 
3960  46) 


MAJOR  DTNSRDC  ORGANIZATIONAL  COMPONENTS 


GP  0  B66  98? 


NDWOTNSRDC  6602/21  (2-60) 


security  CLASSIFICATION  of  This  PAGE  (TWi«n  Data  Enlirmd) 


|  REPORT  DOCUMENTATION  PAGE 

READ  INSTRUCTIONS 

BEFORE  COMPLETING  FORM 

1.  REPORT  number 

SPD-1079-01  AC 

WasHM 

3  RECIPIENT'S  CATALOG  NUMBER 

7 

4.  TITLE  (and  Subtitle) 

Production  of  Hot-Wires 

S.  TYPE  OF  REPORT  6  PERIOO  COVERED 

Final 

6  PERFORMING  ORG.  REPORT  NUMBER 

7.  AUTHOR/*) 

Stuart  Co  Dickinson 

(.  CONTRACT  OR  GRANT  NUMBER/*) 

9.  PERFORMING  ORGANIZATION  NAME  AND  ADORESS 

David  W.  Taylor  Naval  Ship  R&D  Center 

Bethesda,  Maryland 

10.  PROGRAM  ELEMENT.  PROJECT.  TASK 
AREA  6  WORK  UNIT  NUMBERS 

Element  6H53N 

Task  Area:  SR0230101 

Wnrlc  1  In  -I  f- «  1  542-1  01 

II.  CONTROLLING  OFFICE  NAME  AND  ADDRESS 

Naval  Sea  Systems  Command  (Code  05R24) 
Washington,  DoC.  20362 

12.  REPORT  DATE 

ADril  1983 

13.  NUMBER  of  pages 

17 

14  MONITORING  AGENCY  NAME  6  ADORESS/if  different  from  Controlling  Office) 

IS  SECURITY  CLASS.  Cof  fill*  r*porf) 

15*.  DECLASSIFICATION 'DOWN  GRADING 
SCHEDULE 

16.  DISTRIBUTION  STATEMENT  Co/  (fife  Report) 

DISTRIBUTION  UNLIMITED:  APPROVED  FOR  PUBLIC  RELEASE 

17.  DISTRIBUTION  STATEMENT  (of  tha  abstract  antarad  In  Block  20,  If  dlffaront  from  Roport) 

18-  SUPPLEMENTARY  NOTES 

19.  KEY  WORDS  (Continue  on  ravaraa  atda  If  nacaaaary  and  Idontlty  by  block  numbor) 

Hot-Wire 

Fluid  Velocity  Sensors 

20.  ABSTRACT  ( Contlnua  on  ravaraa  alda  If  nacaaaary  and  IdanUfy  by  block  numbor) 

Several  methods  for  producing  hot-wire  probes  are  described,  Discussion 
includes  the  manufacture  of  probe  bodies,  soldering  plated  wires  to  the  prongs, 
etching  Walaston  type  wires,  and  finishing  the  probe.  This  report  is  written 
as  an  instruction  manual  for  researchers  who  desire  to  produce  or  repair  their 
own  sensors. 

DO  I  jan*?1  1473  EDITION  OF  I  MOV  «S  IS  OBSOLETE 

S  'N  O' 02-1  r  -O'  4-ohOl  1TNCT.ARC  T  FT  FT) _ 

SECURITY  CLASSIFICATION  of  THIS  PAGE  flMian  Data  trior, c<> 


TABLE  OF  CONTENTS 


LIST  OF  FIGURES  .  iii 

ABSTRACT  .  1 

ADMINISTRATIVE  INFORMATION  .  1 

INTRODUCTION  .  1 

PRODUCTION  OF  HOT-WIRES  .  2 

PROBE  AND  WIRE  SUPPORT  . .  2 

WIRE  PREPARATION  .  3 

POSITIONING  THE  WIRE  .  7 

ATTACHING  THE  WIRE  . . .  9 

CUTTING  THE  WIRE  .  12 

EXAMINING  THE  SENSOR  .  14 

WASHING  THE  SENSOR .  14 

DISCUSSION  .  16 

ACKNOWLEDGEMENTS  .  16 

BIBLIOGRAPHY  . 17 

LIST  OF  FIGURES 

1  -  Copper  Placing  Device  .  5 

2  -  Wire  Etching  Apparatus  . . . .  6 

3  -  Wire  Holder  .  8 

4  -  Photograph  of  Author's  Positioning  System  . 10 

5  -  Positions  of  Wire  Attachment  .  11 

6  -  Soldering  Technique  . 13 

7  -  Photograph  of  Vorticity  Probe  Built  by  Author  . .  15 

iii 


ABSTRACT 


Several  methods  for  producing  hot-wire  probes  are  described. 
Discussion  Includes  the  manufacture  of  probe  bodies,  soldering 
plated  wires  to  the  prongs,  etching  Walaston  type  wires,  need 
and  finishing  the  probe.  This  report  Is  written  as  an  cation. 

Instruction  manual  for  researchers  who  desire  to  produce - - 

or  repair  their  own  sensors. 
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INTRODUCTION 


Hot-wire  probes  are,  in  general,  simple  devices.  But  when  they  are  mini- 
turlzed  to  reduce  Interference  effects,  achieve  high  frequency  response  and 
small  spatial  resolution,  they  become  small  fragile  sensors.  Most  users, 
consequentially,  have  found  commercial  hot-wire  probes  to  be  the  most  con¬ 
venient  and  economically  justifiable.  However,  the  ability  to  produce  and 
repair  probes  can  be  important  to  the  researcher  in  a  fluid  mechanics 
laboratory.  A  researcher  has  greater  flexibility  In  geometries  and  placement 
of  probes  In  addition  to  quick  wire  replacement  In  case  of  breakage.  Such 
devices  as  vorticity  probes,  hot-wire  rakes,  and  wire  support  prongs  mounted 
In  the  model  itself  are  not  standard  configurations  offered  by  commercial 
manufacturers,  and  are  best  manufactured  by  the  user. 
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Sensor  replacement  Is  quick  for  simple  probes.  To  replace  a  single  wire 
takes  the  author  approximately  twenty  minutes  Including  set-up  time.  Especially 
when  one  Is  working  close  to  a  solid  boundary  —  e.g.,  in  the  inner  regions  of 
the  boundary  layer  —  wires  get  broken  frequently,  making  self  replacement  handy. 
Contaminated  flows  also  require  frequent  wire  replacement.  With  custom-made 
probes  it  is  expensive  to  own  several  probes,  so  the  ability  to  replace  sensors 
oneself  is  valuable. 

This  report  describes  several  methods  of  producing  probes  and  attaching 
wires  (the  calibration  and  use  of  hot-wires  is  not  discussed) .  The  process  is 
not  difficult  once  mastered,  although  practice  is  required  initially.  Host 
people  have  the  ability  to  produce  hot-wires.  The  primary  limiting  factors  are 
good  eye-sight,  relatively  steady  hands,  and  patience. 
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PRODUCTION  OF  HOT-WIRES 


Probe  &  Wire  Support 

First  one  needs  to  obtain  or  construct  the  support  for  the  sensor  wire.  The 
body  of  the  probe  can  be  made  out  of  a  ceramic  tube  with  two  or  four  holes  formed 
in  it.  Often  these  tubes  are  scavanged  from  thermocouple  wire  assemblies.*  A 
manufacturer  should  be  located. 

The  needles  that  support  the  hot-wire  are  often  jewelers'  broaches.  Dr. 

Maxey  uses  in  producing  his  supports  #12  BR460  Round  (BR  470  should  work  also) 
which  are  obtained  from  Royal  Tschantre  in  Baltimore,  Maryland.  They  are  a 
"large"  broach  with  the  diameter  slightly  larger  than  the  holes  in  the  ceramic 
support  tube. 

First  measure  the  length  then  break  off  a  small  section  of  ceramic  tube.  The 
broaches  are  Inserted  from  the  back  so  the  thin  needle  ends  protrude  out  the 
front.  This  gives  a  taper  fit  which  should  provide  good  positioning  in  probes 
for  which  four  prongs  are  desired  in  a  square  array.  The  broaches  can  then  be 
glued  in  place  (epoxy  works  well). 


*  From  talk  with  Dr.  Martin  Maxey,  May  1981,  in  Professor  S.  Corrsin's 
Laboratories  at  The  Johns  Hopkins  University 
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The  hot-wire  gets  attached  to  the  needle  ends  and  the  "fat”  ends  have  leads 
soldered  to  them.  After  the  leads  are  Insulated,  the  ceramic  tube  can  be  Inserted 
In  a  metal  tube  of  appropriate  Inside  diameter.  The  result  should  be  a  sturdy 
probe  body.  The  prongs  can  then  be  trimmed  and  bent  as  needed  for  the  parti¬ 
cular  application.  Bending  should  be  held  to  a  minimum,  however,  as  the  broaches 
are  somewhat  brittle. 

A  second  method  used  in  Professor  L.S.G.  Kovasznay's  Laboratory  was  to  use 
a  dental  cement  (pinkish  in  color  -  epoxy  putty  would  be  a  good  substitute)  and 
glue  the  prongs  directly  in  the  metal  tubes.  Problems  with  this  method  are  pre¬ 
venting  shorts  and  holding  the  broaches  in  alignment  while  the  glue  sets.  Probes 
built  this  way  have  survived  twenty  years'  use,  so  the  technique  works. 

The  prongs  can  be  made  from  different  materials.  The  Jewelers'  broaches  are 
perhaps  the  most  common;  however,  the  author  has  heard  of  ordinary  sewing 
needles  being  used.  Most  any  needle-like  support  could  be  used  as  long  as  there 
is  a  good  way  to  attach  the  hot-wire,  and  one  can  solder  the  leads  to  the  back 
ends.  Jewelers'  broaches  are  made  of  steel.  These  take  the  solder  well  if 
properly  cleaned  (fine  emery  paper)  and  fluxed.  The  steel  rusts,  however  —  a  re¬ 
sult  of  handling  and  the  acid  fluxes  used  —  so  a  good  sanding  with  300  -  600  grit 
emery  paper  is  recommended  before  mounting  a  new  wire.  TSI  and  DISA  gold  plate 
thin  probe  needles  prevent  corrosion  and  provide  a  good  surface  for  soldering. 

The  rust  is  no  real  problem,  but  one  could  easily  copper  or  gold  plate  the  sup¬ 
port  needles.  Structurally  the  needles  nust  be  strong  enough  to  not  deflect 
under  the  aerodynamic  loads  of  the  flow,  or  shocks  due  to  normal  handling. 

Flexing  of  the  prongs  will  break  the  wire.  A  compromise  must  be  made  between 
the  strength  and  the  flow  blockage  of  the  supports. 

Wire  Preparation 


There  are  three  distinct  types  of  wires  —  two  platinum  and  one  tungsten. 
Common  to  all  three  is  a  large  aspect  ratio  —  the  sensor  portion  of  the  wire 
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should  be  approximately  200  times  longer  than  its  diameter.  The  wire  should  be 
strong  enough  to  withstand  the  aerodynamic  loads  at  the  temperature  used,  and 
should  have  a  good  temperature  coefficient  of  resistance. 

The  first  type  of  wire  is  the  bare  platinum  sensor.  This  wire  involves 
no  preparation  and  is  typically  spot  welded  to  the  support  prongs.  Using  this 
technique,  extremely  small  probes  can  be  constructed,  and  most  of  the  subminiature 
probes  are  of  this  construction.  Construction  of  this  type  of  hot-wire  is 
considered  difficult,  and  since  the  author  has  no  experience  with  it,  it  will 
not  be  discussed  further. 

The  most  common  type  of  wire  is  plated  tungsten.  The  wire  is  strong  and 
easy  to  attach  to  the  prongs  by  soldering.  The  wire  is  basically  a  bare  section 
of  tungsten  —  the  sensor  portion  —  with  copper  or  platinum  plated  sections  on 
each  end.  The  plating  defines  the  sensor  length  and  provides  a  material  to 
which  the  solder  will  easily  adhere.  A  typical  wire  size  is  .00015”  (3.7  pm). 
Preparation  consists  of  plating  the  bare  wire  on  both  sides  of  a  fixed-length 
sensor  portion.  A  plating  device  designed  in  Kovasz nay's  lab  used  copper 
sulfate  (CuSO^  )  and  an  electrical  current  to  generate  uniform  wires  (see  Figure 
1).  A  whole  string  of  sensors  can  be  produced,  then  cut  apart  and  mounted.  The 
TSI  probe  catalog  says  that  they  plate  their  sensors  with  platinum;  however, 
their  card  of  replacement  sensors  comes  as  copper-plated  tungsten.  An  optimal 
plating  current  exists  and  is  maintained  for  approximately  one  minute.  The 
object  is  to  create  an  even  coating  on  the  wire  thick  enough  to  conduct  well  but 
not  so  thick  as  to  cause  structural  problems  at  the  interface  by  being  overly 
stiff. 

The  last  type  of  wire  uses  a  platinum  sensor.  The  wire  is  made  by  the 
Wallaston  process.  This  allows  smaller  diameter  wires  to  be  made.  The 
Uallaston  wire  is  platinum  with  silver  plated  on  it.  This  "sandwich”  is  then 
pulled  into  thin  wire  allowing  the  core  to  be  nuch  thinner  than  would  normally 
be  possible.  First  the  wire  is  soldered  on  to  the  support  and  then  the  silver 
coating  is  etched  off  to  create  the  sensor  area  (see  Figure  2).  To  etch,  a 
burrette  with  a  special  nozzle  is  used  to  create  an  even  jet  of  20%  Nitric  Acid 
(HN&j).  At  Johns  Hopkins  (Corrsin's  Lab)  the  burrette  (titration  tube  type) 
was  made  in  the  Chemistry  Department  glass  blowing  lab.  A  platinum  anode  is 


Figure  1  -  Copper  Plating  Device 

A.  Sensor  Portion  of  Wire  (Not  Plated) 

B.  Plated  Portion  of  Wire  -  Cathode 

C.  Copper  Anode 

r  D.  Copper  Sulfate  Solution 

E.  Electrolite  Being  Held  by  Surface  Tension 

F.  Ammeter 

G.  Electrolite  Height  Adjustment  Screw 
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Figure  2  -  Wire  Etching  Apparatus 

A.  Nitric  Acid  (20%) 

B.  Stopcock 

C.  Platinum  Cathode 

D.  Ammeter 

E.  Nozzle 

F.  Wire  Being  Etched  -  Anode 


inside  the  burrette.  The  bottom  ends  in  a  ground  glass  joint.  Two  nozzles  are 
used  with  a  1.0  mm,  and  a  0.S  mm  bore  respectively.  The  nozzles  were  manufactured 
by  B&R  Instruments,  Ritchie  Highway,  (Maryland,  Route  2)  and  fit  the  ground 
glass  joint.  The  1.0  mm  jet  is  used  with  .0002”  (5  pm)  wire  (platinum  portion) 
for  hotwire  sensors  and  the  0.5  mm  jet  is  used  with  .000025"  (0.6  pm)  wire  for 
temperature  wires  (low  current  -  constant  current  mode).  The  soldered  wire  is 
placed  in  the  acid  jet  and  the  hot-wire  is  hooke  ip  as  the  negative  electrode. 

A  0.3  m  A  current  is  used.  The  current  will  dro  hen  the  wire  is  etched  (or 
broken),  usually  after  1  minute.  The  laminar  po  5n  of  the  jet  must  be  used 
for  etching. 


Positioning  the  Wire 

There  are  two  basic  ways  to  attach  a  wire  to  the  support  prongs  -  spot 
welding  and  soldering.  Both  of  these  methods,  however,  require  a  way  to  support 
the  probe  and  the  wire  and  to  position  them  during  the  attachment  process. 

The  wires  should  be  mounted  on  a  "frame”  to  allow  handling.  The  best  method 
is  probably  a  copper  wire  "Y”.  On  the  end  of  each  prong  is  a  blob  of  beeswax 
over  which  the  wire  is  draped.  An  old  soldering  iron  (warm)  is  then  used  to 
melt  the  wax  -  which  holds  the  wire  (see  Figure  3).  The  wire  should  be  loose 
between  the  prongs.  Also  a  device  is  needed  to  position  the  wire  on  the  needles 
and  hold  it  there  for  soldering  or  welding.  The  positioning  and  soldering  is 
usually  done  under  magnification  —  one  should  really  use  a  sterioscope.  A 
sterloscope  shows  some  depth  of  field  —  a  three  dimensional  image  —  and  the 
image  is  reverted;  i.e. ,  motion  to  the  right  moves  the  image  in  the  same  direction 
To  manipulate  the  wire  to  the  probe  (or  vice  versa,  it  makes  no  difference) 
a  X-Y  traverse  is  really  needed.  Positioning  can  be  done  just  with  adjustable 
clamps  such  as  those  supplied  with  the  TSI  Sensor  Repair  Kit,  but  one  will 
probably  break  many  more  wires.  A  screw-type  micrometer  traverse  on  the  X-Y 
is  desirable;  and  on  one  axis,  almost  necessary.  The  X-Y  should  be  set  up  with 
one  axis  vertical  and  the  other  in  and  out.  Side  to  side  (parallel  to  the  wire) 


positioning  can  normally  be  achieved  by  sliding  the  whole  arrangement  on  the 
table  top.  If  one  has  access  to  a  X-Y-Z  and  rotate  traversing  table,  the  job 
is  even  easier.  The  actual  arrangement  should  be  tailored  to  the  person  doing 
the  work.  With  practice  and  a  steady  hand,  complicated  probes  can  be  assembled 
with  minimal  equipment.  For  tailti-wire  probes  the  better  manipulator  arrangements 
are  worth  the  effort  expended  in  constructing  them.  The  author  likes  to  use  an 
arrangement  mounted  on  an  optical  bench  (wire  &  probe) ,  so  if  something  gets 
bumped  the  whole  apparatus  moves  together.  (See  Figure  4  for  the  author's 
system) . 

The  wire  needs  to  be  placed  on  the  probe  gently  and  without  stretching. 

There  are  normally  two  positions  for  the  wire:  laid  on  top  of  the  prongs  or 
attached  to  the  end  of  the  prongs  (see  Figure  5).  The  end  attachment  works  if 
the  prongs  are  squared  off  —  most  commercial  probes  are  assembled  this  way.  With 
jewelers'  broaches  or  sewing  needles,  however,  the  "laid  on  top”  position  is  the 
best  and  does  not  affect  the  accuracy  of  the  probe  if  mounted  near  the  ends. 

For  the  plated  sensors  the  bare  wire  should  be  between  the  support  prongs  and 
centered  as  much  as  possible.  When  the  wire  is  placed  on  the  prongs  it  should 
touch  both  prongs  at  the  same  time  without  deflecting  the  prongs  or  stretching 
the  wire.  If  the  wire  is  stretched  it  will  break  easily  and  will  also  function 
as  a  strain  gauge.  To  get  the  wire  on  both  prongs  simultaneously,  either  the 
probe  or  the  wire  will  have  to  be  rotated  slightly.  The  slack  in  the  wire  when 
mounted  on  the  "Y”  will  make  this  process  easier.  (In  the  author's  opinion  the 
sensors  on  the  TS1  replacement  card  are  strung  too  tight.)  Now  if  the  probe  is 
prepared  one  can  attach  the  wire. 

Attaching  the  Wire 

Soldering  is  the  most  common  technique  for  attaching  the  wire.  Most  of  the 
work  is  done  before  the  wire  is  placed  on  the  probe. 

Preparing  the  probe  is  easy  but  rust  be  done  carefully  to  achieve  a  good 
joint.  First  the  ends  of  the  prongs  must  be  sanded  (with  300  -  600  grit  emery) 
removing  all  rust,  dirt  and  other  contaminants.  It  is  a  good  idea  then  to  rinse 


the  probe  in  alcohol  to  remove  any  oils  from  handling  (a  fine  brush  works  well). 
Next  the  probe  tips  should  be  fluxed  with  sulfuric  acid  flux.  Fluxing  can  be 
done  by  dipping  just  the  ends  of  the  probe  in  the  acid,  using  a  needle  or  broach 
to  apply  a  drop  to  the  tips,  or  else  using  a  pipet  dipped  in  the  acid  and 
inserting  each  prong  into  the  end.  A  clean  soldering  iron  should  be  used  to 
’’tin"  the  prongs.  A  damp  sponge  is  a  good  iron  cleaner;  however,  if  the  iron 
tip  has  oxidized  badly,  sanding  may  be  necessary.  400°  strain  gauge  solder 
works  best  because  it  has  a  higher  melting  point  than  regular  solder.  However, 
any  good  solder  (without  internal  flux)  can  be  used  if  the  wire  is  to  be  run  at 
moderate  overheat.  The  soldering  iron  should  be  "cool”  —  just  hot  enough  to 
melt  the  solder  well.  Now  tin  the  tip  of  the  probe  keeping  the  solder  just  in 
the  area  where  the  wire  will  be  mounted.  The  wire  is  then  placed  on  the  probe 
as  described  in  the  previous  section.  Very  carefully  touch  the  soldering  iron 
to  the  prong  back  towards  the  base  of  the  needle  until  the  solder  at  the  wire 
melts  and  attaches  the  wire.  Do  not  deflect  the  prong  with  this  process  —  you 
can  use  a  drop  of  solder  on  the  iron  to  keep  from  touching  the  needle  with  the 
iron  Itself  (see  Figure  6) .  Now  do  the  other  side. 

Another  method  is  to  touch  the  wire  Itself  with  a  tiny  drop  of  solder  on  a 
mlnature  iron  tip,  being  careful  not  to  allow  solid-to-solid  contact.  If  this 
method  is  used,  remove  the  iron  laterally  (parallel  to  the  wire)  to  avoid  pulling 
the  wire  off  the  supports  by  surface  tension.  This  drop  method  is  probably 
necessary  if  two  or  more  wires  are  being  soldered  to  the  same  prong  (  e.g. , 
vorticity  probes). 

Cutting  the  Wire 


This  is  the  most  delicate  part  of  mounting  a  hot-wire  sensor,  since  at  this 
time  one  nust  make  firm  mechanical  contact  with  the  soldered  wire.  The  most 
Important  element  is  to  have  a  sharp  knife.  Many  people  use  single  edge  razor 
blades,  but  the  author  prefers  a  normal  two  edged  shaving  blade  since  they  are 
considerably  sharper.  One  side  of  the  blade  should  be  taped  for  safety.  When 
cutting  the  wire  always  cut  toward  the  probe  body  parallel  to  and  as  close  to 
the  prongs  as  possible.  When  cutting  be  careful  not  to  deflect  the  prongs  as 
this  will  usually  break  the  wire.  Carefully  remove  the  wire  holder. 


Before  removing  the  sensor  from  the  manipulator,  examine  it  under  the  micro¬ 
scope.  Check  for  good  solder  joints.  Check  for  broken  wire.  There  should  be 
some  slack  in  the  wire,  .001”  -  .002";  however,  much  more  slack  and  the  wire 
will  oscillate  in  the  flow  and  give  a  spurious  signal.  Remember  also  that  the 
wire  will  elongate  when  heated.  If  the  wire  is  too  tight  try  loosening  it  by 
reheating  the  solder  on  one  prong  which  should  allow  the  wire  to  relax  when  it 
melts.  What  if  the  wire  is  broken?  There  are  three  ways  to  check  for  a  broken 
sensor:  visually,  mechanically,  and  electrically.  Visual  inspection  is  per¬ 
formed  under  a  microscope  as  mentioned  above.  The  best  mechanical  method  utili¬ 
zes  a  human  hair.  Pluck  a  hair  and  holding  only  one  end,  lean  it  against  the 
wire.  If  the  wire  is  whole  the  hair  will  bend;  however,  if  the  wire  is  broken 
the  hair  will  almost  magically  pass  right  through.  Electrically  the  method  is 
by  a  resistance  check.  Be  sure  to  use  a  good  high  impedence  ohm  meter.  Most 
normal  volt-ohm  meters  use  too  much  current  to  measure  the  resistance  and  will 
burn  out  the  sensor  almost  immediately.  Or  one  can  use  the  resistance  bridges 
in  the  anemometer  in  a  null  circuit  as  described  in  the  manufacturers'  instruc¬ 
tion  manual. 


Washing  the  Sensor 

An  acid  flux  is  used  during  the  soldering  and  oust  be  washed  off.  If  left 
it  will  cause  the  solder  joint  to  deteriorate  with  time  and  also  rust  the  support 
prongs.  A  solution  of  distilled  water  and  baking  soda  should  be  made  and  the 
probe  swished  around  to  neutralize  the  acid.  Then  the  probe  should  be  rinsed 
in  distilled  water  and  finally  in  clear  alcohol  to  remove  any  oils  from 
handling.  Some  people  like  to  use  a  small  brush  (on  the  prongs  only)  during 
washing.  Just  swishing  the  wire  around  in  the  water;  however,  works  as  well 
and  Involves  less  risk  to  the  wire. 

The  probe  is  now  ready  to  be  calibrated  and  used.  Figure  7  shows  a 
Kovasznay-type  vorticity  probe  built  by  the  author. 


DISCUSSION 


The  production  of  hot-wire  probes  is  straightforward  and  achievable  by 
most  fluid  mechanics  research  scientists  or  technicians.  This  report  is 
essentially  an  instruction  manual  covering  several  methods  of  probe  production 
and  sensor  replacement. 

Custom  probes  can  be  produced  by  the  basic  methods  discussed  herein  with 
modifications  up  to  the  individual.  Within  the  constraints  of  an  experiment, 
probe  configurations  are  limited  only  by  the  imagination  of  the  user. 
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